WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
C09D 11/02, 5/02, C09C 1/56 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96/18696 

20 June 1996(20.06.96) 



(21) International Application Number: PCT/US95/ 16453 

(22) International Filing Date: 1 4 December 1995 (14.1 2.95) 



(30) Priority Data: 

08/356,660 
08/356,653 



15 December 1994 (15.12.94) US 
15 December 1994 (15.12.94) US 



(71) Applicant: CABOT CORPORATION [US/US]; 75 State 

Street, Boston, MA 02109-1806 (US). 

(72) Inventor: BELMONT, James, A.; 8 Conant Street, Acton, MA 

01720 (US). 

(74) Agent: CHALETSKY, Lawrence, A.; Cabot Corporation, 157 
Concord Road, P.O. Box 7001, Billerica, MA 01821-7001 
(US). 



(81) Designated States: AL, AM. AT, AU. BB, BG, BR, BY, CA, 
CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP, 
KE, KG. KP, KR, KZ. LK. LR, LS, LT, LU. LV, MD, 
MG, MK, MN. MW, MX, NO. NZ, PL, PT, RO. RU, SD, 
SE, SG, SI. SK, TJ. TM, TT, UA, UG, UZ, VN, European 
patent (AT. BE, CH, DE, DK, ES, FR, GB. GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG), ARIPO patent (KE. 
LS, MW, SD, SZ, UG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: AQUEOUS INKS AND COATINGS CONTAINING MODIFIED CARBON PRODUCTS 
(57) Abstract 

Aqueous ink compositions are described which include a modified carbon product comprising a carbon having attached at least one 
organic group that is substituted with an ionic or an ionizable group. A coating composition is also described and comprises water, a binder, 
and a modified carbon product having at least one organic group attached to carbon wherein the organic group is substituted with an ionic 
or an ionizable group. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


OK 


Denmark 


ES 


Spain 


FI 


Finland 


FR 


France 


CA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HI! 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


IT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 96/18696 



PCT/US95/16453 



- 1 - 

AQUEOUS INKS AND COATINGS CONTAINING 
MODIFIED CARBON PRODUCTS 

This application is a continuation-in-part of U.S. patent application serial nos. 
08/356.660 and 08/356,653, both filed December 15. 1994, the disclosures of which are herein 
incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to aqueous inks and coatings which contain a modified carbon 

product. 

BACKGROUND OF THE INVENTION 

There are various classifications of inks used presently. These categories include 
printing inks, ultraviolet cure inks, ball-point inks, and stamp pad or marking inks. 
Fundamentally, inks may be composed of four major material categories. They are colorants, 
vehicles or varnishes, additives, and solvents. 

In more detail, colorants, which include pigments, toners and dyes, provide the color 
contrast with the substrate. Vehicles or varnishes act as carriers for the colorants during the 
printing operation. Upon drying, the vehicles bind the colorants to the substrate. Additives 
influence the printability, film characteristics, drying speed, and end-use properties. Finally, 
solvents, besides participating in formation of the vehicles, are used to reduce ink viscosity 
and adjust drying ease and resin capability. Generally, ingredients from these four classes are 
weighed, mixed, and ground (i.e., dispersed) together, or separately, according to desired 
formulas. 

Presently, predominant black pigments are carbon blacks such as furnace blacks which 
are used as the colorants either in dry, powdered form, a flushed paste, or liquid concentrate 
form. The flush paste and liquid concentrate forms are more economical since they require a 
minimum of dispersing effort. Generally, the form of the colorant influences the hue, 
permanency, bulk, opacity, gloss, rheology, end use, and print quality. 

Generally, inks can be applied by letter press, lithographic, flexographic. gravure. silk 
screen, stencil, duplicating, and electrostatic. Inks thus can be found in such end uses as 
news, publication, commercial, folding canon, book, corrugated box, paper bag, wrapper, 
label, metal container, plastic container, plastic film, foil, laminating, food insert, sanitary 
paper, textile and the like. McGraw-Hill's Encyclopedia of Science and Technology, Vol. 7. 
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which is incorporated herein by reference. 

Even with the inks commercially available, there is still a need to provide inks which 
may be more readily prepared. 

Coatings are used for decorative, protective, and functional treatments of many kinds 
of surfaces. These surfaces include, coils, metals, appliances, furniture, hardboard, lumber and 
Plywood, marine, maintenance, automobile, cans, and paperboard. Some coatings, such as 
those on undersea pipelines, are for protective purposes. Others, such as exterior automobile 
coatmgs, fulfil, both decorative and protective functions. Still others provide friction control 
on boat decks or car seats. Some coatings control the fouling of ship bottoms, others protect 
food and beverages in cans. Silicon chips, printed circuit panels, coatings on waveguide 
fibers for signal transmission, and magnetic coatings on video tapes and computer disks are 
among many so-called hi-tech applications for coatings. 

Each year, tens of thousands of coating types are manufactured. In general, they are 
composed of one or more binders, for example resins or polymers, and at least one solvent 
one or more pigments, and optionally several additives. Most coatings are manufactured and 
apphed as liquids and are converted to "solid" films after application to the substrate. 

Pigments and coatings provide opacity and color. Pigment content governs the gloss 
of the final film and can have important effects on its mechanical properties. Some pigments 
even inhibit corrosion. Further, pigments affect the viscosity and enhance the application 
properties of the coating. An important variable determining the propert.es of pigments is 
their particle size and particle-size distribution. Pigment manufacturing processes are designed 
•o afford the panicle size and particle-size distribution that provide the best compromise of 
particles for that pigment. In manufacturing coatings, it is desirable to d.sperse the pigment in 
such a way as to achieve a stable dispersion where most, if not all. of the pigment particles 
are separated into the individual particles designed into the product by the pigment 
manufacturer. The dispersion of pigment involves wetting, separation, and stabilization. 

There are three categories of vehicles: those in which the binder is soluble in water, 
those in which it is colloidally dispersed, and those in which it is emulsified to form a latex. 
Surface coating compositions are usually more or less viscous liquids with three based 
components: a film-forming substance or combination of substances called the binder, a 
pigment or combination of pigments, and a volatile liquid. The combination of binder and 
volatile liquid is called the vehicle which may be a solution or a dispersion of fine binder 
particles in a non-solvent. Pigments are finely divided, insoluble, solid particles d.spersed in 
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the coating vehicle and distributed throughout the binder in the final film. Surfactants are 
used as pigment dispersants. The components and manufacturing of aqueous coatings are 
further discussed in the Concised Encyclopedia of Polymers, Science and Engineering, 
pgs. 160-171 (1990), which is incorporated herein by reference. 

There is still a need for an aqueous coating that may be more readily prepared in both 
aqueous inks and coatings. The solvent is, or contains, water. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention relates to an aqueous ink composition or aqueous 
coating composition comprising water and a modified carbon product comprising a carbon 
having attached an organic group. The organic group is substituted with an ionic or an 
ionizable group. Carbon, as used herein, is capable of reacting with a diazonium salt to form 
the above-mentioned modified carbon product. The carbon may be of the crystalline or 
amorphous type. Examples include, but are not limited to, graphite, carbon black, vitreous 
carbon, activated charcoal, activated carbon, and mixtures thereof. Finely divided forms of 
the above are preferred. 

The organic group comprises a) at least one aromatic group and b) at least one ionic 
group, at least one ionizable group, or a mixture of an ionic group and an ionizable group. 
The organic group having an aromatic group is directly attached to the carbon by the aromatic 
group. 

Alternatively, the organic group of the modified carbon product comprises a) at least 
one Cj-C]2 substituted or unsubstituted alkyl group and b) at least one ionic group, at least 
one ionizable group, or a mixture of an ionic group and an ionizable group. 

The aqueous inks and coatings of this invention offer desirable dispersion stability, 
print quality, and image optical density. 

The description which follows sets out additional features and advantages of the 
invention. These functions will be apparent from that description or may be learned by 
practice of the invention as described. The objectives and other advantages will be realized 
and attained by the processes, products, and compositions particularly pointed out in the 
description below and the appended claims. 

DETAILED DESCRIPTION 

Carbon, as used herein, is capable of reacting with a diazonium salt to form the 
above-mentioned modified carbon product. The carbon may be of the crystalline or 
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amorphous type. Examples include, but are not limited to, graphite, carbon black, vitreous 
carbon, activated charcoal, activated carbon, and mixtures thereof. Finely divided forms of 
the above are preferred. 

The present invention relates to aqueous ink and coating compositions comprising an 
aqueous vehicle and the modified carbon product. In contrast to conventional carbon 
pigments, the modified carbon products for use in the ink or coating of the present invention 
are not difficult to disperse in an aqueous vehicle. The modified carbon products do not 
necessarily require a conventional milling process, nor are dispersants necessarily needed to 
attain a usable ink or coating. Preferably, the modified carbon products only require low 
shear stirring or mixing to readily disperse the pigment in water. 

The carbon products may be prepared by reacting carbon as defined above, with a 
diazonium salt in a liquid reaction medium to attach at least one organic group to the surface 
of the carbon. Preferred reaction media include water, any medium containing water, and any 
medium containing alcohol. Water is the most preferred medium. These modified carbon 
products, wherein the carbon is carbon black, and various methods for their preparation are 
described in U.S. patent application 08/356,660 entitled "Reaction of Carbon Black with 
Diazonium Salts, Resultant Carbon Black Products and Their Uses," filed December 15, 1994. 
and its continuation-in-part application, filed concurrently with this application, both of which 
are incorporated herein by reference. These modified carbon products, wherein the carbon is 
not carbon black, and various methods for their preparation are described in patent application 
serial number 08/356.653 entitled "Reaction of Carbon Materials With Diazonium Salts and 
Resultant Carbon Products," filed December 15. 1994. also incorporated herein by reference. 

To prepare the above modified carbon products, the diazonium salt need only be 
sufficiently stable to allow reaction with the carbon. Thus, that reaction can be carried oui 
with some diazonium salts otherwise considered to be unstable and subject to decomposition. 
Some decomposition processes may compete with the reaction between the carbon and the 
diazonium salt and may reduce the total number of organic groups attached to the carbon. 
Further, the reaction may be carried out at elevated temperatures where many diazonium salts 
may be susceptible to decomposition. Elevated temperatures may also advantageously 
increase the solubility of the diazonium salt in the reaction medium and improve its handling 
during the process. However, elevated temperatures may result in some loss of the diazonium 
salt due to other decomposition processes. 

Carbon black can be reacted with a diazonium salt when present as a dilute, easily 
stirred, aqueous slurry, or in the presence of the proper amount of water for carbon black 
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pellet formation. If desired, carbon black pellets may be formed utilizing a conventional 
pelletizing technology. Other carbon can be similarly reacted with the diazonium salt. In 
addition, when modified carbon products utilizing carbon other than carbon black for used in 
aqueous inks and coatings are used, the carbon should preferably be ground to a fine particle 
size before reaction with the diazonium salt to prevent unwanted precipitation in the ink. The 
organic groups which may be attached to the carbon are organic groups substituted with an 
ionic or an ionizable group as a functional group. An ionizable group is one which is capable 
of forming an ionic group in the medium of use. The ionic group may be an anionic group or 
a cationic group and the ionizable group may form an anion or a cation. 

Ionizable functional groups forming anions include, for example, acidic groups or salts 
of acidic groups. The organic groups, therefore, include groups derived from organic acids. 
Preferably, when it contains an ionizable group forming an anion, such an organic group has 
a) an aromatic group or a C]-Cj 2 substituted or unsubstituted alkyl group and b) at least one 
acidic group having a pKa of less than 1 1 , or at least one salt of an acidic group having a pKa 
of less than 1 1 , or a mixture of at least one acidic group having a pKa of less than 1 1 and at 
least one salt of an acidic group having a pKa of less than II. The pKa of the acidic group 
refers to the pKa of the organic group as a whole, not just the acidic substituent. More 
preferably, the pKa is less than 10 and most preferably less than 9. Preferably, the aromatic 
group or the alkyl group of the organic group is directly attached to the carbon. The aromatic 
group may be further substituted or unsubstituted, for example, with alkyl groups. The 
Cj-C|2 alkyl group may be branched or unbranched and is preferably ethyl. More preferably, 
the organic group is a phenyl or a naphthyl group and the acidic group is a sulfonic acid 
group, a sulfinic acid group, a phosphonic acid group, or a carboxyJic acid group. Examples 
include -COOH. -SO3H and -P0 3 H 2 , -S0 2 NH 2 , -S0 2 NHCOR, and their salts, for example 
-COONa. -COOK, -COO"NR 4 + , -S0 3 Na, -HPOjNa, -S0 3 ~NR 4 + , and P0 3 Na 2 , where R is 
an alkyl or phenyl group. Particularly preferred ionizable substituents are -COOH and -S0 3 H 
and their sodium and potassium salts. 

Most preferably, the organic group is a substituted or unsubstituted sulfophenyl group 
or a salt thereof; a substituted or unsubstituted (polysulfo)phenyl group or a salt thereof; a 
substituted or unsubstituted suifonaphthyl group or a salt thereof; or a substituted or 
unsubstituted (polysulfo)naphthyl group or a salt thereof. A preferred substituted sulfophenyl 
group is hydroxysulfophenyl group or a salt thereof. 

Specific organic groups having an ionizable functional group forming an anion are 
p-sulfophenyl. 4-hydroxy-3-sulfophenyl. and 2-sulfoethyl. 
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Amines represent examples of ionizabie functional groups that form cationic groups 
and can be attached to the same organic groups as discussed above for the ionizabie groups 
which form anions. For example, amines may be protonated to form ammonium groups in 
acidic media. Preferably, an organic group having an amine substituent has a pKb of less 
than 5. Quaternary ammonium groups (-NR 3 + ) and quaternary phosphonium groups (-PR 3 + ) 
also represent examples of cationic groups and can be attached to the same organic groups as 
discussed above for the ionizabie groups which form anions. Preferably, the organic group 
contains an aromatic group such as a phenyl or a naphthyl group and a quaternary ammonium 
or a quaternary phosphonium group. The aromatic group is preferably directly attached to the 
carbon. Quatemized cyclic amines, and quatemized aromatic amines, can also be used as the 
organic group. Thus, N-substituted pyridinium compounds, such as N-methyl-pyridyl. can be 
used in this regard. Examples of organic groups include, but are not limited to. 
(C 5 H 4 N)C 2 H 5 + . C 6 H 4 (NC 5 H 5 ) + , C 6 H 4 COCH 2 N(CH 3 ) 3 + . C 6 H 4 COCH 2 (NC 5 H 5 ) + . 
(C 5 H 4 N)CH 3 + . and C 6 H 4 CH 2 N(CH 3 ) 3 + . 

An advantage of the modified carbon products having an attached organic group 
substituted with an ionic or an ionizabie group is that the modified carbon products may have 
increased water dispersibility relative to the corresponding untreated carbon. In general, water 
dispersibility of the modified carbon products increases with the number of organic groups 
attached to the carbon having an ionizabie group or the number of ionizabie groups attached 
to a given organic group. Thus, increasing the number of ionizabie groups associated with the 
modified carbon products should increase their water dispersibility and permits control of the 
water dispersibility to a desired level. It can be noted that the water dispersibility of modified 
carbon products containing an amine as the organic group attached to the carbon may be 
increased by acidifying the aqueous vehicle. 

Because the water dispersibility of the modified carbon products depends to some 
extent on charge stabilization, it is preferable that the ionic strength of the aqueous medium 
be less than 0.1 molar. More preferably, the ionic strength is less than 0.01 molar. It is 
preferred that the modified carbon product of the present invention contain no by-products or 
salts. 

When water dispersible modified carbon products of the present invention are 
prepared, it is preferred that the ionic or ionizabie groups be ionized in the reaction medium 
The resulting product dispersion or slurry may be used as is or diluted prior to use. 
Alternatively, the modified carbon products may be dried by techniques used for conventional 
carbon blacks. These techniques include, but are not limited to. drying in ovens and rotary 
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kilns. Overdrying, however, may cause a loss in the degree of water dispersibility. In the 
event that the modified carbon products above do not disperse in the aqueous vehicle as 
readily as desired, the modified carbon products may be dispersed using conventionally known 
techniques such as milling or grinding. 

The modified carbon black products of this invention are particularly useful in 
aqueous ink formulations. Thus, the invention provides an improved ink composition 
comprising water and a modified carbon product according to the invention. Other known 
aqueous ink additives may be incorporated into the aqueous ink formulation. 

In general, an ink may consist of four basic components: (1) a colorant or pigment, 
(2) a vehicle or varnish which functions as a carrier during printing, (3) additives to improve 
printability drying, and the like, and (4) solvents to adjust viscosity, drying and the 
compatibility of the other ink components. For a general discussion on the properties, 
preparation and uses of aqueous inks, see The Printing Manual, 5th Ed., Leach et al, Eds. 
(Chapman and Hall, 1993), incorporated herein by references. Various aqueous ink 
compositions are also disclosed, for example, in United States Patents Nos. 2,833,736, 
3,607,813, 4,104,833, 4,308,061, 4,770.706, and 5,026,755, all incorporated herein by 
reference. 

The modified carbon products of the invention, either as predispersion or as a solid, 
can be incorporated into an aqueous ink formulation using standard techniques. Use of a 
water dispersible modified carbon product of the invention provides a significant advantage 
and cost savings by reducing or eliminating the milling steps generally used with other 
conventional carbon blacks. 

Flexographic inks represent a group of aqueous ink compositions. Flexographic inks 
generally include a colorant, a binder, and a solvent. The modified carbon products of the 
invention are useful as flexographic ink colorants. Example 3 shows the use of a modified 
carbon product of the invention in an aqueous flexographic ink formulation. 

The modified carbon products of the invention can be used in aqueous news inks. For 
example, an aqueous news ink composition may comprise water, the modified carbon products 
of the invention, a resin and conventional additives such as antifoam additives or a surfactant. 

The modified carbon products of this invention may also be used in aqueous coating 
compositions such as paints or finishes. Thus, an embodiment of the invention is an 
improved aqueous coating composition comprising water, resin and a modified carbon product 
according to the invention. Other known aqueous coating additives may be incorporated the 
aqueous coating composition. Sfi£, for example, McGraw-Hill Encyclopedia of Science & 
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The modified carbon products of the invention, either as a predispersion or as a solid, 
can be incorporated into an aqueous coating composition using standard techniques. Use of a 
water dispersible modified carbon product provides a significant advantage and cost savings 
by reducing or eliminating the milling steps generally used with other conventional carbon 
blacks. Some of the Examples below show the use of modified carbon products according to 
the invention in aqueous automotive topcoat formulations. 

An aqueous ink or coating containing an aqueous vehicle and stably dispersed 
modified carbon product as pigment can be formed with a minimum of components and 
processing steps when the above carbon products are utilized. Such an ink or coating may be 
used for a variety of uses. Preferably, in aqueous inks and coatings of the present invention, 
the modified carbon products are present in an amount of less than or equal to 20% by weight 
of the ink or coating. It is also within the bounds of the present invention to use an aqueous 
ink or coating formulation containing a mixture of unmodified carbon with the modified 
carbon products of the present invention. Common additives such as those discussed below 
may be added to the dispersion to further improve the properties of the aqueous ink or 
coating. 

EXAMPLES 

Analytical Methods 

BET nitrogen surface areas were obtained according to ASTM D-4820 for surface area 
measurements. DBPA data were obtained according to ASTM D-2414. 

Volatile content was determined as follows. A carbon black sample was dried to 
constant weight at 125°C. A 45 mL sample of the dry carbon black was placed in a covered 
50 mL crucible that had been dried at 950°C and heated in a muffle furnace for 7 minutes at 
950°C. The volatile content is expressed as the percentage of weight lost by the carbon 
sample. 

The following procedure was used in various Examples below to determine the 
aqueous residue of carbon black products according to this invention and untreated carbon 
blacks. The carbon black product (5 g) was shaken with 45 g of water for 5 minutes. The 
resulting dispersion was poured through a screen and rinsed with water until the washings 
were colorless. A 325 mesh screen was used unless indicated otherwise. After drying the 



WO 96/18696 PCI7US95/ 16453 

-9- 

screen, the weight of residue on the screen was determined and expressed as a percentage of 
the carbon black product used in the test. 



Example 1 
Preparation of a carbon black product 
with a preformed diazonium salt in a pin pelletizer 

This example shows another method for the preparation of a carbon black product of 
the present invention. A pin pelletizer was charged with 400 g of a fluffy carbon black with 
a surface area of 80 m 2 /g and a DBPA of 85 ml/100 g. A cold suspension of 4- 
sulfobenzenediazonium hydroxide inner salt prepared from 27.1 g of the sodium salt of 
sulfanilic acid, 10.32 g of sodium nitrite, 29.0 g of concentrated HCI and 293.5 g of water and 
was added to the pelletizer. After pelletizing for 2 minutes, the sample was removed and 
dried at 115°C to constant weight. The product had a 325 mesh residue of 0.1%. compared to 
81% for the unreacted carbon black. Soxhlet extraction with ethanol overnight gave a carbon 
black product containing 1.1% sulfur, compared against 0.8% for the untreated carbon black. 
This shows that 27% of the p-C 6 H 4 S0 3 " groups were attached to the carbon black product. 
Therefore, the carbon black product had 0.09 mmol/g of attached p-CgH^C^' groups. 

Example 2 
Preparation of a carbon black product 
with a diazonium salt generated in situ 
This example illustrates another method for the preparation of a carbon black product 
of the present invention. A fluffy carbon black with a surface area of 560 m 2 /g. a DBPA of 
90 ml/100 g and a volatile content of 9.5% was used. Fifty grams of the fluffy carbon black 
were added to a solution of 8.83 g of sulfanilic acid dissolved in 420 g of water. The 
resulting suspension was cooled to 30°C and 4.6 g of concentrated nitric acid was added. 
An aqueous solution containing 3.51 g of sodium nitrite was then added gradually with 
stirring, forming 4-suIfobenzenediazonium hydroxide inner salt in situ, which reacts with the 
fluffy carbon black. The resulting product was dried in an oven at 125oC, leaving the 
carbon black product. The product had a 325 mesh residue of 0.1%, compared to 6% for the 
unreacted carbon black. The carbon black product contained 1 .97% sulfur after Soxhlet 
extraction with ethanol overnight, compared to 0.24% sulfur for the untreated fluffy carbon 
black. This corresponds to attaching 53% of the p-C^r^SC^" groups to the carbon black 
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groups. 

Example 3 

Use of a carbon black product in the preparation 
of an aqueous ink 

This example illustrates the advantages of using a carbon black product of the present 
invention in an aqueous ink formulation. Ink composition A was prepared by adding 3.13 
parts of the carbon black product of Example 1 to a vehicle made by mixing 2.92 parts 
JONCRYL 61LV resin, 0.21 parts isopropanol, 0.31 parts ARROWFLEX defoamer, 7.29 parts 
JONCRYL 89 resin and 6.98 parts water, and shaking the composition for 10 minutes on a 
paint shaker. The table below shows the 635 mesh residue level. 

JONCRYL is a registered trademark for resins produced and sold by SC Johnson 
Polymer. Racine, WI. ARROWFLEX is a registered trademark for defoamers produced and 
sold by Witco, New York, NY. 

Ink composition B was prepared by grinding a mixture of 320 parts of the carbon 
black product used in Example 1,112 parts of JONCRYL 61LV resin, 8 parts of isopropanol. 
4 parts of ARROWFLEX defoamer, 156 parts of water and 400 g of grinding media. In order 
to check the grind level, samples were periodically let down to composition C that contained 
15.0 pans carbon black product, 14.0 parts JONCRYL 61LV resin, 1.0 parts isopropanol. 1.7 
parts ARROWFLEX DEFOAMER, 35.1 parts Joncryl 89 and 33.4 parts water. 

Ink composition D was prepared by grinding a mixture of 120 parts of the untreated 
carbon black used in Example 1, 112 pans of JONCRYL 61LV resin. 8 parts of isopropanol. 
4 parts of ARROWFLEX defoamer. 156 parts of water and 400 g of grinding media. In order 
to check the grind level, samples were periodically let down to composition E that contained 
15.0 parts carbon black product, 14.0 parts JONCRYL 61LV resin. 1.0 parts isopropanol. 1.7 
parts ARROWFLEX defoamer. 35.1 parts JONCRYL 89 resin and 33.4 parts water. 

The residues from ink compositions A. C and E as a function of grinding time are 
provided in the following table, and clearly show that a carbon black product of the present 
invention disperses more readily than the corresponding unreacted carbon black in these 
aqueous inks. 
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Dispersion time 


Ink A 
635 Mesh 
Residue, % 


InkC 
ujj ivjcoii 
Residue, % 


Ink E 
ojj Mesn 
Residue, % 


10 Minutes shaking 


2.6 


- 


- 


20 Minutes BaJl Mill 


- 


0.3 


- 


40 Minutes Ball Mill 


- 


0.2 


- 


1 Hour Ball Mill 


- 


0.02 


about 100 


2 Hours Ball Mill 


- 


- 


10.8 


3 Hours Ball Mill 


- 


- 


5.8 


4 Hours Ball Mill 






0.9 


10 Hours Ball Mill 






0.5 | 


14 Hours Ball Mill 






0.3 


15 Hours Ball Mill 






1.0 


16 Hours Ball Mill 






1.0 



Example 4 

Use of a carbon black product in the preparation 
of an aqueous coating 

This example shows that carbon black products of the present invention are useful for 
the preparation of aqueous coatings. The carbon black product from Example 2 ( 1 0 g) was 
dispersed in 90 g of water by stirring for 10 minutes. Coating composition A was prepared 
by stirring 4.3 g of this dispersion into a mixture of 7.53 g of CARGILL 17-7240 acrylic 
resin, 0.80 g of dimethylethanolamine (DMEA), 19.57 g water, 0.37 g SURFYNOL CT136 
surfactant, 1.32 g CARGILL 23-2347 melamine resin, 0.53 g ethylene glycol monobutyl ether 
and 0.075 g BYK-306 surfactant. CARGILL 17-7240 acrylic resin and CARGILL 23-2347 
melamine resin are available from Cargill Inc., Minneapolis, MN. SURFYNOL CT136 is a 
registered trademark for surfactants produced and sold by Air Products and Chemicals, Inc.. 
Allentown, PA. BYK-306 is a registered trademark for surfactants produced and sold by 
BYK-Chemie USA. Wallingford. 

A millbase was prepared by grinding an oxidized carbon black product (15 g) with a 
surface area of 560 m2/g, a DBPA of 80ml/100g and a volatile content of 99c in a mixture of 
74.6 g of CARGILL 17-7240 acrylic resin, 9.53 g DMEA. 236.5 g water and 16.35 g 
CT-136 surfactant until its mean volume particle size was 0.18 microns. Comparative coating 
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r k^k*"^ iniAiiig «t*t.*t g ui mis miiioase witn a mixture or 17.51 g 

CARGILL 17-7240 acrylic resin, 1.74 g DMEA, 50.56 g water, 3.97 g CARGILL 23-2347 
melamine resin, 1.59 g ethylene glycol monobutyl ether and 0.23 g BYK-306 surfactant. 

Glossy lenetta paper coated with compositions A and B was dried at 350°F for 10 
minutes. A clear coat was applied, and the samples were dried again. The paper coated with 
composition A had Hunter L,a,b values of 1.0, 0.01 and 0.03. respectively, compared to 1.1, 
0.01 and -0.06, respectively for the paper coated with comparative composition B. 

Example 5 
Preparation of a carbon black product 
and its use in an aqueous coating 
This example illustrates the preparation of a carbon black product of the present 
invention and the use of this carbon black product in an aqueous coating. A carbon black 
(200 g ) with a CTAB surface area of 350 m 2 /g and a DBPA of 120 ml/lOOg was added to a 
stirred solution of 42.4 g sulfanilic acid in 2800 g of water. Nitrogen dioxide (25.5 g) was 
dissolved in 100 g of cold water and added to the carbon black product suspension. Bubbles 
were released. 4-SuIfobenzenediazonium hydroxide inner salt was formed in situ, which 
reacted with the carbon black. After stirring for one hour, 5 g of additional N0 2 was added 
directly to the carbon black dispersion. The dispersion was stirred for an additional 15 
minutes, and left overnight. The resulting carbon black product was recovered by drying the 
dispersion in an oven at 130°C. 

A dispersion of this carbon black product was prepared by stirring 10 g of the carbon 
black product in 90 g of water. Coating composition C was prepared by stirring 4.3 g of this 
dispersion into a mixture of 7.53 g of CARGILL 17-7240 acrylic resin. 0.80 g of DMEA. 
19.57 g water. 0.37 g SURFYNOL CT136 surfactant, 1.32 g CARGILL 23-2347 melamine 
resin. 0.53 g ethylene glycol monobutyl ether and 0.075 g BYK-306 surfactant. 

A millbase was prepared by grinding (in an attritor) an oxidized carbon black product 
(15 g) with a surface area of 560 m 2 /g. a DBPA of 91ml/100g and a volatile content of 9.5 <7< 
in a mixture of 74.6 g of CARGILL 17-7240 acrylic resin. 9.53 g DMEA. 236.5 g water and 
16.35 g SURFYNOL CT-136 surfactant for 24 hours. Comparative coating composition D 
was prepared by mixing 24.4 g of this millbase with a mixture of 17.51 g CARGILL 17-7240 
acrylic resin, 1.74 g DMEA, 50.56 g water, 3.97 g CARGILL 23-2347 melamine resin. 1.59 
g ethylene glycol monobutyl ether and 0.23 g BYK-306 surfactant. 
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Glossy lenetta paper coated with compositions A and B was dried at 350°F for 10 
minutes. A clear coat was applied, and the samples were dried again. The paper coated with 
composition C had Hunter L. a, and b values of 1.0, 0.01 and 0.03, respectively, compared to 
1.1, 0.01 and -0.06, respectively for the paper coated with comparative composition D. 
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What is claimed is: 

1. An aqueous ink composition comprising water and a modified carbon product 
having at least one organic group attached to the carbon wherein the organic group is 
substituted with an ionic or an ionizable group. 

2. The aqueous ink composition of claim 1 wherein the ionic or ionizable group 
is a sulfonic acid group or a salt thereof, a sulfinic acid group or a salt thereof, a carboxylic 
acid group or a salt thereof, a phosphonic acid group or a salt thereof, or a quaternary 
ammonium group. 

3. The aqueous ink composition of claim I wherein the organic group is a 
substituted or unsubstituted sulfophenyl group or a salt thereof, or the organic group is a 
substituted or unsubstituted (polysulfo)phenyl group or a salt thereof. 

4. The aqueous ink composition of claim 1 wherein the organic group is a 
substituted or unsubstituted sulfonaphthyl group or a salt thereof, or the organic group is a 
substituted or unsubstituted (polysulfo)naphthyl group or a salt thereof. 

5. The aqueous ink composition of claim 3 wherein the organic group is a 
substituted or unsubstituted p-sulfophenyl or a salt thereof. 

6. The aqueous ink composition of claim 5 wherein the organic group is 
p-C 6 H 4 S0 3 Na. 

7. The aqueous ink composition of claim 1 , wherein said carbon is carbon black, 
graphite, vitreous carbon, finely-divided carbon, activated carbon, activated charcoal, or 
mixtures thereof. 

8. The aqueous ink composition of claim 7 wherein said carbon is carbon black. 

9. An aqueous coating composition comprising water, a binder, and a modified 
carbon product having at least one organic group attached to carbon wherein the organic 
group is substituted with an ionic or an ionizable group. 

10. The aqueous coating composition of claim 9 wherein the ionic or ionizable 
group is a sulfonic acid group or a salt thereof, a sulfinic acid group or a salt thereof, a 
carboxylic acid group or a salt thereof, a phosphonic acid group or a salt thereof, or a 
quaternary ammonium group. 

11. The aqueous coating composition of claim 9 wherein the organic group is a 
substituted or unsubstituted sulfophenyl group or a salt thereof, or the organic group is a 
substituted or unsubstituted (polysulfo)phenyl group or a salt thereof. 
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12. The aqueous coating composition of claim 9 wherein the organic group is a 
substituted or unsubstituted sulfonaphthyl group or a salt thereof, or the organic group is a 
substituted or unsubstituted (polysulfo)naphthyl group or a salt thereof. 

13. The aqueous coating composition of claim 1 1 wherein the organic group is p- 
sulfophenyl or a salt thereof. 

14. The aqueous coating composition of claim 13 wherein the organic group is 
p-C 6 H 4 S0 3 Na. 

15. The aqueous coating composition of claim 9 wherein said carbon is carbon 
black, graphite, vitreous carbon, finely-divided carbon, activated carbon, activated charcoal, or 
mixtures thereof. 

16. The aqueous coating composition of claim 15 wherein said carbon is carbon 

black. 



INTERNATIONAL SEARCH REPORT 



t09Ci/56 



B- FIELDS SEARCHED — j "* MtQMI dlofigBOT «nd IPC 



toloni u Apptieioon No 

PCT/US 95/16453 



lurched 



C. DOCUMENTS CONSIDERED TO RFbTT^TTZ' 



Cutfory* 



passages 



J U a S nJary 8 1959 540 ( ° ARREL MELVIN "W»KJ 6 
see column 1, line 55-63 
see column 2, line 3-32 
see column 3, line 19-29 

see page 1, line 61-67 
see page 2, line 53-85 
see page 3, line 117-127 
see page 4, line 38-41 



-/-- 



Relevant to ciaun No. 



J [I] Further do cument, art J,«ed , n the contmuadon of bo, C. 
' SpeaaJ categories of ated documents : 

° tteSS*™ 8 te " ^ «. cxrub^on or 

' " P ' g^y^^ Hl^date but 



Uate of the actual completion ot the imenuocrul search ' 



23 April 1996 



Name and mailing address of the ISA 
Foon PCT ISA 310 (wcona «j u ,y 1992) 



(X | Pal€nl family members ire listed 



1,7-9, 
15,16 



9,10,15, 
16 



^ 'TJ^i!P^l pub i , * td lftCT *« <n«n.«oi,»i film, <ui* 

•V ^Z- " aepwhmtht *««o> « Wen Hon, 
ctSoTbc^SS^J "-•to— mtnoon 




1 5. 05. 96 



Authorized officer 



Girard, Y 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern al Apphcaaon No 

PCT/US 95/16453 



C(Continuaaon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Cue gory ' 



Ciuoon of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE WPI 

Section Ch, Week 8214 

Derwent Publications Ltd., London, 6B; 

Class A97, AN 82-28019E 

XPG02001333 

& SU.A.834 062 (KIEV COPYING PROBLE) , 30 
May 1981 
see abstract 

W0,A,91 15425 (CABOT CORP.) 17 October 
1991 

US.A.3 528 840 (PETER ABOYTES) 15 
September 1970 



1.7,8 



Form PCT71S A.- 21 0 (co«uou*U0fl ol »«a>nd «*>«i> <iuly 19«) 



page 2 of 2 




Form PCT lSA-210<p«*m lunrfy antttx) (July |W2) 



INTERNATIONAL SEARCH REPORT 



Inter nal Application No 

PCT/US 95/16195 



C^Conanuanon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



P,A 



Citation of document, with indication, where appropriate, of the relevant paaajei 



Relevant to claim No. 



DATABASE WPI 
Week 9524 

Derwent Publications Ltd.. London, GB; 
AN 95-183086 

& JP.A.07 102 116 (YOKOHAMA RUBBER CO.) 
18 April 1995 
see abstract 

EP.A.O 475 075 (XEROX) 18 March 1992 
see claim 1 



Form PCT/I SA/JIO (aMrttawtem of «ax>< *«M> (J«ly 1W>) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 




EP-A-475075 



18-03-92 



rn-n- 
DE-D- 
DE-T- 
EP-A- 
JP-T- 

US-A-" 
CA-A- 
DE-D- 
JP-A- 



Z672307 
69200446 
69200446 
0569503 
6505532 

5281261 " 
2046571 



07-08-92 
27-10-94 
04-05-95 
18-11-93 
23-06-94 



25-01- 
01-03- 



94 
92 



4234467 24-08-92 



